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Miyasaki ML. Eficácia de um gel com reduzida concentração de fluoreto 

suplementado com hexametafosfato de sódio sobre o processo de 

desmineralização do esmalte dentário. Estudo in vitro. [dissertação]. 

Araçatuba: Universidade Estadual Paulista; 2014. 

 

Resumo 

O objetivo deste trabalho foi avaliar in vitro o efeito de gel com baixa concentração de 

fluoreto suplementado com hexametafosfato na desmineralização do esmalte. Materiais e 

métodos. Blocos de esmalte bovinos (n = 120) foram selecionados baseados na dureza 

de superfície e divididos entre 6 grupos de tratamento (n=20 por grupo): a) Gel Placebo, 

sem F ou HMP , b) 9% HMP, c) 4500 μg F/g, d) 4500 μg F/g + 9% HMP, e) 9000 μg F/g e 

f) 12300 μg F/g (Gel Ácido). Blocos de esmalte bovino foram tratados uma única vez com 

os respectivos géis. Dez blocos de cada grupo foram analisados quanto à concentração 

de CaF2 e F formado . Os outros dez blocos foram submetidos à cinco ciclagens de pH 

(pH 4,7- 6h e pH 7,0-18h) durante 7 dias. Após as ciclagens de pH, determinou-se a 

dureza de superfície final (SH1) para o cálculo da porcentagem de perda da dureza de 

superfície (%SH) e em seguida, a concentração de CaF2 e F (retido). Subsequentemente, 

a %SH e perda integrada de subsuperfície (ΔKHN) foram avaliadas. Os resultados foram 

submetidos à ANOVA seguido do teste Student-Newman-Keuls (p < 0,05). Resultados: 

Os grupos 4500 9%HMP, 9000 e o gel ácido apresentaram menor %SH, os menores 

valores de perda integrada de subsuperfície foram encontrados nos grupos de 4500 

9%HMP e Gel ácido (p > 0.05). O grupo de gel de Ácido apresentou maiores 

concentrações de CaF2 formado quando comparado aos demais grupos (p <0,05). Após 

ciclagem de pH, o grupo 4500 9% HMP e gel Ácido apresentaram concentrações 

semelhantes de CaF2 retidos (p > 0,05). A concentração de F formado foi semelhante 

entre os grupos 4500, 4500 + 9% HMP, 9000 e gel ácido (p> 0,05). Não houve alteração 

na concentração de F retido após a ciclagem de pH nesses grupos. Conclusão: É 

possível inibir a desmineralização do esmalte com gel de baixa concentração de fluoreto 

suplementado com 9% HMP. Relevância clínica: O gel com baixa concentração de 

fluoreto pode ser considerado como uma alternativa mais segura para o uso clínico de um 

ponto de vista toxicológico, uma vez que contém a metade da quantidade de uma 

formulação convencional, enquanto promove um efeito anticárie similar. 

Palavras-chave: Desmineralização; Fluoretos; Fosfatos. 
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Miyasaki ML. Efficacy of gels with reduce concentration the fluoride 

supplemented with hexametaphosphate de sodium in inhibiting  

demineralization the dental enamel : study in vitro. [dissertação]. Araçatuba: 

Universidade Estadual Paulista; 2014. 

 

                                                     Abstract 

 

The objective of this study was to evaluate the in vitro effect of low-fluoride (F) gels 

supplemented with hexametaphosphate (HMP) on enamel demineralization. Materials and 

methods: Bovine enamel blocks (n = 120) were selected based on surface hardness (SH) 

and divided into six treatment groups (n = 20 per group: a) gel Placebo, b) 9%HMP, c) 

4,500 µg F/g d 4,500 µg F/g + 9% HMP, e) 9,000 µg F/g and f) 12,300 µg F/g (Acid gel). 

Blocks were treated with respective gels only once. Ten blocks of each group were 

anylized about formed CaF2 concentration. The other ten blocks were subjected to five pH 

cycling (pH 4,7-6h and pH 7,0-18h) during seven days. After the pH cycling, it was 

determined the final hardness surface (SH1) to calculate the percentage of loss surface 

hardness (%SH) and then, the concentration the CaF2 e F (retained).The results were 

subjected to ANOVA followed by Student-Newman-Keuls test (p < 0.05). Results: The 

groups 4500 9%HMP, 9000 and Acid showed lower %SH, the lowest values ΔKHN were 

found for the 4500 9%HMP and Acid gel (p > 0.05). The gel acid group showed higher 

concentrations the CaF2 formed when compared to the other groups (p <0,05). After all 

cycles of pH, the group 4500 9% HMP and acid gel showed similar concentrations the 

CaF2 retained (p > 0,05). The concentration the F formed was similar the groups 4,500, 

4,500 + 9% HMP, 9,000 and acid gel (p>0,05). There was no chance in the concentration 

the F retained after all cycles of pH these groups. Conclusion: It is possible to inhibit 

enamel demineralization with low-F gels supplementing these gels with 9% HMP. Clinical 

relevance: The low-F gel containing HMP can be regarded as a safer alternative for 

clinical use from a toxicological point of view since it contains half of the amount of a 

conventional formulation while promoting similar anticaries effect. 

Keywords:  Demineralization; Fluorides; Phosphates 
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Figure 1: A - Differential hardness profiles (hardness vs depth) calculated by subtracting 

no fluoride gels profiles from placebo. B - Differential hardness profiles calculated by 

subtracting fluoride gels profiles from 4500 group (Table 1). 
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1.0 Introduction 

Professional F application is a well-known method used for dental caries 

prevention and its efficacy is clearly recognized an evidence-based perspective 

[Marinho et al., 2002; Villena et al., 2009]. When it is incorporated into the enamel 

crystal, it forms a fluorapatite like mineral and improves the enamel resistance to 

the acid challenge [Chow et al., 1990; Moreno et al., 1993]. Products containing 

high fluoride concentrations are available and have been  used in the form of 

solutions, gels, foams, and varnish [van Rijkom  et al., 1998; Marinho et al., 2002]. 

However caution is needed when using gel in children because of the risk of acute 

intoxication if the product during application is ingested, and young children do not 

have fully developed complex sputum [van Rijkom et al., 1998]. 

One of the possibilities to decrease F ingestion of children is reducing its 

concentration in gels; however the effectiveness of the gel must be maintained. 

One method that may be used to increase the effectiveness of low F gels is to 

supplement with TMP (trimetaphosphate) [Danelon et al., 2013; Danelon et al., 

2014]. In studies in vitro and in situ, Danelon et al. [2013; 2014], associated the 

TMP and F, resulting in better effect inhibition on demineralization and 

remineralization of enamel when compared to the gel 12,300 µg F/g, acid gel. 

The combination of TMP/F showed great potential as an anticaries 

treatment [Takeshita et al., 2009, Takeshita et al., 2011] and HMP has the ability to 

reduce enamel solubility [van Dijk et al., 1980]. Then, it would be interesting to 

verify whether a similar synergistic anticaries effect exists between fluoride and 

cyclic HMP [da Camara et al., 2014]. As the complexing ability of a condensed 

phosphate is proportional to the total number of phosphorus atoms in the 
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polyphosphate [van Wazer & Campanella, 1950], a minor concentration of fluoride 

than that utilized by Takeshita et al., 2009 may be added to toothpaste. 

A similar inorganic phosphate, hexametaphosphate (HMP), is used 

extensively in the ceramics industry as deflocculant, because of its strong 

tendency to form complexes with cations [Andreola et al., 2004; Castellini et al., 

2005]. The HMP is used in the food industry as an antimicrobial agent owing to its 

ability to increase the permeability of the bacterial outer membrane [Vaara & 

Jaakkola, 1989].  

The study of da Camara et al., 2014 concluded that the combination of 0.5% 

HMP to a toothpaste containing 250 ppm F promotes a similar inhibitory effect on 

enamel demineralization when compared to a conventional toothpaste with 1,100 

ppm F. However, it is observed that no studies evaluating fluoride gels and cyclic 

HMP on tooth demineralization. More recent studies have shown that a proportion 

phosphate / fluoride should be objectified suitable for a greater effect caries 

[Takeshita et al., 2009; Moretto et al., 2010; Amaral et al., 2013; Zaze et al., 2013; 

Manarelli et al., 2013; Danelon et al., 2013; Favretto et al., 2013; Moretto et al., 

2013; Danelon et al., 2014].  

Thus far, no studies have evaluated the efficacy of cyclic HMP 

supplemented low-F gels in combating demineralization. Studies of new gels with 

these characteristics are important to assess the efficacy of these gels in reducing 

both enamel demineralization and the risk of intoxication. Therefore, the purpose 

of the present study was to evaluate the ability of gels with reduced F 

concentration and HMP supplemented on enamel demineralization, using a pH 

cycling model. The null hypothesis was that low-F gels associated to HMP would 



32 
 

 
 

present the same ability to reduce the enamel demineralization when compared to 

low-F gel without HMP. 

 

2.0 Material and Methods 

 

2.1. Experimental Design  

Enamel blocks (4 mm × 4 mm, n = 120) of bovine incisors were stored in 

2% formaldehyde solution (pH 7.0) for 30 days at room temperature. The enamel 

surfaces of the blocks were sequentially polished and selected by a surface 

hardness (SH1) test and then randomized (320.0 to 380.0 Kgf/mm2) into 6 groups 

(n = 20 per group): (a) gel without F and HMP (Placebo), (b) gel containing 9% 

HMP (9%HMP), (c) gel containing 4,500 µg F/g (4500), (d) gel containing 4,500 µg 

F/g + 9% HMP (4500 9%HMP), (e) gel containing 9,000 µg F/g (9000), and (f) gel 

containing 12,300 µg F/g (Acid gel). After gel application in 10 blocks from each 

group, the concentrations of CaF2 and F formed in the enamel were determined. 

The other 10 enamel blocks from each group were treated with the respective gels 

and then subjected to pH cycling for 5 days. After pH cycling, percentage the 

surface hardness loss (%SH) were calculated. The concentrations of CaF2 and F 

retained in the enamel were also determined. And the integrated hardness (IH; 

KHN × μm) of lesions in sound enamel was calculated by the trapezoidal rule 

(GraphPad Prism, version 3.02) and subtracted from the IH for sound enamel to 

obtain the integrated area of the subsurface region in the enamel, which was 

termed integrated loss of subsurface hardness (ΔKHN; KHN × μm) [Spiguel et al., 

2009]. 
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2.2. Gel formulation and determination of fluoride in products 

Experimental gel of neutral pH was prepared in a laboratory and had the 

following ingredients: carboxymethylcellulose (Synth, Diadema, São Paulo, Brazil), 

sodium saccharin (Vetec, Duque de Caxias, Rio de Janeiro, Brazil), glycerol (Merck, 

Darmstadt, Germany), peppermint oil (Synth), and water. F (NaF; Merck) was 

added to the gel in a concentration of 0, 4,500, or 9,000 µg F/g. Subsequently, HMP 

(HMP cyclic form, Sigma-Aldrich Co., St. Louis, MO, USA) was added at a 

concentration of 9% to gels with F concentration of 0 and 4500 µg F/g. A 

commercial acidic gel was used as a positive control (12,300 µg F/g, acid gel, pH= 

4.5, DFL; Indústria e Comércio S.A, Rio de Janeiro, RJ, Brazil). The F concentration 

in the gels was determined using a specific electrode for the F ion (9609 BN; Orion 

Research Inc., Beverly, MA, USA) attached to an ion analyzer (Orion 720 A+; Orion 

Research Inc., Beverly, MA, USA) and calibrated with standards containing 0.125 to 

2.000 µg F/g. Approximately 100 mg of each product was dissolved in deionized 

water and transferred to a volumetric flask. The volume was then adjusted to 100 

mL using deionized water. For each product, 3 dilutions were made. Subsequently, 

2 samples of 1 mL were buffered with total ionic strength adjustment buffer II 

(TISAB II) [Danelon et al., 2013; Danelon et al., 2014]  

 

 

2.3. Gel treatments and demineralization/remineralization cycling 

  The treatments were applied for 1 min to each gel block (3 g/block) [Delbem 

et al., 2002; Delbem et al., 2010; Danelon et al., 2014]. After treatment, the gel was 

removed, and the blocks were washed with deionized water. Thereafter, 10 blocks 
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from each group were subjected to five pH cycles at 37°C during a procedure that 

lasted 7 days [Vieira et al., 2005]. The blocks were then placed in a demineralizing 

solution (DE: 2.0 mmol/L calcium and phosphate in 75 mmol/L acetate buffer, pH 

4.7; 0.04 µg F/mL; 2.2 mL/mm2). After 6 h, the blocks were transferred to a 

remineralizing solution (RE: 1.5 mmol/L calcium, 0.9 mmol/L phosphate, and 150 

mmol/L KCl in 0.1 mol/L cacodylic buffer, pH 7.0; 0.05 mg F/mL; 1.1 mL/mm2) for 18 

h. The blocks were rinses with deionized water between each step. The blocks were 

kept in fresh RE solution during the last 2 days of the procedure. 

 

2.4. Hardness measurements 

The hardness of the enamel surface of each block was determined before 

and after pH cycling using a Shimadzu HMV-2000 microhardness tester (Shimadzu 

Corp., Kyoto, Japan) under a 25 g load for 10 seconds. Five indentations, spaced 

100 µm apart, were created in the center of the enamel block (SH1). After pH 

cycling, 5 indentations, spaced 100 µm from the baseline indentations, were created 

for determination of surface hardness (SH1) to calculated the %SH. 

For cross-sectional hardness measurements, the enamel blocks were 

longitudinally sectioned through their center and embedded in acrylic resin with the 

cut face exposed. They were then gradually polished. One sequence of 14 

indentation at different distances (5, 10, 15, 20, 25, 30, 40, 50, 70, 90, 110, 130, 

220, and 330 µm) from the surface of the enamel were created in the central region, 

using a Micromet 5114 hardness tester (Buehler, Lake Bluff, IL, USA and Mitutoyo 

Corporation, Kanagawa, Japan) and the software Buehler OmniMet (Buehler, Lake 

Bluff, IL, USA) with a Knoop diamond indenter under a 5 g load for 10 seconds. The 

mean values at all three measuring points at each distance from the surface were 

then averaged. The integrated hardness (IH; KHN × μm) of in sound enamel was 
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calculated by the trapezoidal rule (GraphPad Prism, version 3.02) and subtracted 

from the IH for sound enamel to obtain the integrated area of the subsurface region 

in the enamel, which was termed integrated loss of subsurface hardness (ΔKHN; 

KHN × μm) [Spiguel et al., 2009]. Hardness measurement can be used to quantify 

mineral loss since it presents a positive correlation with mineral content [Kielbassa 

et al., 1999]. To analyze the patterns of demineralization, differential hardness 

profiles were calculated by subtracting the hardness values of the placebo group 

from those of the HMP group (i.e., placebo group values minus the 9%HMP group 

values) and by subtracting the hardness values of the 4,500 group from those of the 

F and F + HMP groups (i.e., 4,500 group values minus the 4,500 9%HMP, 9,000, 

and Acid gel group values) at each depth. These differential profiles were then 

integrated over two depth zones in the lesion (zone A, 5–30 μm; zone B, 40–130 

μm) and underlying sound enamel to yield ΔIH values [Danelon et al., 2013; 

Danelon et al., 2014]. 

 

2.5. Analysis of the CaF2-like concentration in enamel 

The concentration of CaF2 in enamel was analyzed to evaluate the amount 

of CaF2 and F present after the application of the F gel (CaF2 and F formed) and 

after pH cycling (CaF2 and F retained). A digital caliper (Mitutoyo CD-15B; Mitutoyo 

Corp., Japan) was used to measure the surface area of the enamel [Caslavska et 

al., 1975; Delbem et al., 2010; Danelon et al., 2013; Danelon et al., 2014]. The 

surface of each specimen, except for the enamel, was coated with wax. The 

specimens were then immersed in 0.5 mL of 1.0 mol/L KOH solution for 24 h under 

constant agitation. The solution was then neutralized with 0.5 mL of 1.0 mol/L HCl 

and buffered with 1.0 ml of TISAB II. An ion analyzer (720A; Orion Research, USA) 
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and a combined ion-selective electrode (9609 BN; Orion Research, USA) 

previously calibrated with standards of 0.0625, 0.125, 0.250, 0.500, and 1.0 μg 

F/mL were used. Data were obtained in mV and were converted to microgram F 

per square centimeter using Microsoft Excel. 

 

2.6. Analysis of the F concentration in enamel 

After extraction of the CaF2 and F, an enamel biopsy was performed 

[Weatherell et al., 1985]. Blocks measuring 2 mm × 2 mm (n = 120) were obtained 

from half of the longitudinally sectioned blocks. To measure depth, the blocks were 

fixed to a mandrel and attached to a handpiece (N 270; Dabi- Atlante, Ribeirão 

Preto, SP, Brazil) fixed to the top of a modified microscope with a micrometer 

(Pantec, Sao Paulo, SP, Brazil). Self-adhesive polishing disks (diameter, 13 mm) 

and 400-grit silicon carbide (Buehler) were fixed to the bottom of polystyrene 

crystal tubes (J-10; Injeplast, Sao Paulo, SP, Brazil). One layer of 50 μm was 

removed from each enamel block. A total of 0.5 mL of 0.5 mol/L HCl was added to 

the enamel powder retained on the polishing disk fixed to the polystyrene crystal 

tube. This mixture was then agitated for 1 h, and then, 0.5 mL of 0.5 mol/L NaOH 

was added [Alves et al. 2007; Danelon et al., 2013; Danelon et al., 2014]. For the 

FA-like analysis (FA-like formed and retained), a specific electrode (Orion 9609) 

was connected to an ion analyzer (Orion 720+) and TISAB II. A 1:1 ratio (TISAB/ 

sample) was used. 

 

2.7. Statistical analysis 

For statistical analysis, SigmaPlot software (version 12.0) was used, and the 

significance limit was set at 5%. Experimental groups were considered as fixed 



37 
 

 
 

factors. Data from %SH and ∆KHN were submitted to one-way ANOVA followed by 

the Student-Newman-Keuls test. The results of CaF2 and F (log transformation) in 

enamel were submitted to two-way ANOVA followed by the Student-Newman-

Keuls test. The results of ΔIH (considering % of HMP and zone) were submitted to 

two-way ANOVA followed by the StudentNewmanKeuls test. 

 

3.0 Results 

The mean values (SD) of F ion concentration (µg F/g) in the Placebo, 9% 

HMP, 4500, 4500 9%HMP, 9000, and Acid gel groups were 67.6 (12.4), 88.8 (8.6), 

4681.1 (8.6), 4726.4 (145.4), 9067.7 (98.4), and 10900.2 (219.6), respectively. The 

%SH results (Table 1) showed that the groups 9000, 4500 9%HMP and acid gel 

had similar hardness values (p > 0.474). The ∆KHN results (Table 1) showed that 

placebo groups and 9% HMP had the highest values when compared to the other 

groups (p < 0.05). The ΔKHN was similar results gels groups 4500 9% HMP and 

9000 (p<0.05).  

Differential hardness profiles (Table 1 and Figure 1) provided evidence of 

different subsurface lesion patterns among the HMP and F groups. The 

demineralization process was more pronounced in zone A (5–30 μm, Table 1 and 

Figure 1) than in zone B among the HMP group (p < 0.05). The 4500 9%HMP and 

Acid gel groups had lower demineralization in zone B (40–130 μm) than did the 

other groups (p = 0.001, Table 1 and Figure 1). Other comparisons are shown in 

Table 1. 
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The concentration of CaF2 formed (Table 2) was higher for all groups 4500 

9% HMP, 9000 and acid gel (p>0.05). No difference was observed among 4500 

9%HMP and acid gel the concentration of CaF2 retained (p>0.05). The group 

supplemented with fluoride and 9% HMP (Table 2) showed concentrations similar 

of FA-like formed when compared to fluoride groups (p>0.05), and not difference 

was observed of FA-like retained among groups. 

 

4.0 Discussion 

The application of products with high F concentrations is recommended for 

patients who have a high risk of developing dental caries. The use of these 

products in young children must be carefully monitored because of the risk of 

acute intoxication [Fomon et al., 2000; Ripa, 1990]. The purpose of the present 

study was to evaluate the ability of gels with reduced F concentration and HMP 

supplemented on enamel demineralization, using a pH cycling model. 

Thus, it is important that laboratory studies under controlled and standard 

conditions be performed to evaluate the anticariogenic potential of new 

formulations of gels before performing a clinic or in situ study. The present study in 

vitro evaluated the effectiveness of the gel before performing a study in situ ou 

clinic. The present study in vitro evaluated the efficacy of a gel contained 4500 µg 

F/g associated to the HMP on concentration of the 9%, showing that this 

association has a similar efficacy than the gels containing 9000 µg F/g and 12300 

µg F/g (acid gel) in reducing the demineralization of enamel, which would allow 

reduce the concentration of F without changing its effectiveness and therefore, 

reducing ion intake by children preventing acute intoxication. 
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The addition of any compound to the fluoride gel should not interfere with 

the bioavailability of F. The addition of HMP 9% did not alter the concentration of 

the loss surface hardness (tabela1) in 4500 µg F/g gel (test t, p>0,05), what 

indicates that there was no change in the availability of F. 

The choice of the concentration of 9%HMP was based on previous studies 

of [da Camara et al., 2014], where it was found that for a dentifrice containing 250 

µg F/g the best performance in relation to the change of surface hardness of 

enamel as well as mineral loss was obtained when the toothpaste was 

supplemented with 0,5% HMP. In the lower or higher concentrations tested the 

effect was minor. Therefore, for a gel containing 4500 µg F/g to maintaining the 

same proportion F:HMP, it was supplemented HMP in the concentration of 9%. 

The study shows that a gel with 4500 µg F/g is less effective (%SH) than the 

9000 µg F/g gel and acid gel (Table1). However, the addition of 9% HMP to the 

4500 µg F/g gel promoted an increase of the hardness surface (SH2) when 

compared to the not supplemented group, obtaining similar results to the 9000 µg 

F/g gel and acid gel groups (Table 1). 

Therefore, these condensed phosphates on the enamel surface have 

reduced the mineral loss during the pH cycles, resulting in greater values of final 

hardness and consequently, lower values of %SH (Table 1). It was observed that 

in F absent, the group with only 9% HMP showed a lower %SH than the placebo 

group (Table 1), suggesting that the HMP has an independent action of the F. 

By the other hand, the anticariogenic effect of the  F high concentration 

topic products is related to the CaF2 deposition to the enamel (Hicks et al., 2004; 

Moreno, 1993), that is concentration and pH dependent (Moreno,1993). The CaF2 
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concentration measured soon after the gels application increases with the F 

concentration present in the gel, being the higher value observed in the acid gel 

(table 2), followed by the 9000 µg F/g group. The acid pH may also have 

contributed to the higher formation of CaF2 in the acid gel (Table 2). The placebo 

groups and that containing only HMP presented similar values (p>0.05) and the 

lower ones among the groups. Although the group containing only HMP has 

presented CaF2 concentration similar to the Placebo, it resulted in a lower %SH 

than the placebo, showing that this effect does not come from the CaF2 deposition, 

possibly by the condensed phosphates protector layer formation on the enamel 

surface.  

However, the supplemented group (4500 9%HMP) %SH was similar than 

these latest two groups, the 9000 and acid gel showing that other factors are 

contributing to the inhibition of the demineralization. One of these factors may be 

related to the incorporated F to the enamel after its application, what must be 

evaluated in further studies. 

In relation to the calcium fluoride that stayed retained after the pH cycles, 

the results show that possibly the repeated treatments with demineralized solution 

of pH 4,7 dissolve the calcium fluoride that was formed during the treatment with 

fluoride gels, so that, in the end of cycles, the final concentration is similar among 

the 4500 9% HMP and Acid gel groups and the other groups, except the placebo 

one (table 2).  The measured CaF2 is that is deposited in the enamel surface. The 

differences in the surfaces hardness among the groups suggest that may be 

differences in the incorporated F concentration inside the enamel. 
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The ΔKHN and ΔIH values observed in this study confirm previous findings 

that HMP reduces mineral loss deep in the enamel (Table 1 and Figure 1) [da 

Camara et al., 2014]. 

These complexes provide higher calcium availability during demineralization 

and remineralization processes, and reduce the precipitation rate of calcium 

phosphate on the enamel surface. This effect holds the pores on the enamel 

surface open, facilitating the diffusion of calcium and fluoride ions into deeper 

regions of enamel. This may explain the effects of 9% HMP added to a 4500 µg 

F/g gel, but only concentration of 9%HMP, these mechanisms do not seem to 

apply [Table 1 and Figure 1]. 

After its adsorption to the enamel surface, the effect of HMP in the presence 

of fluoride will be retain charged ions of CaF+ and Ca2+ by replacement of Na+ in 

the cyclic structure. The interaction of Ca2+ with one or more HMP molecules leads 

to the reticular formation [van Wazer & Campanella, 1950] on enamel surfaces 

also containing CaF+. The hypothesis is that this produces a greater retention of 

fluoride and calcium with great impact on the ionic activity of charged and neutral 

species. Under acidic conditions, HMP would release CaF+ and Ca2+ species to 

medium, which would subsequently react with H2PO-
4, increasing the ionic activity 

of neutral ions CaHPO4
0 and HF0 [Cochrane et al., 2008] mainly during the 

remineralization phase in the inner part of the lesion. The diffusion coefficient of 

CaHPO4
0 and HF0 into enamel lesions is thousand fold higher that of ionic calcium 

[Cochrane et al., 2008]. With the reticular formation broken, HMP retains in its 

structure H+ reducing the acid diffusion into the enamel decreasing enamel 

demineralization.  
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The results of this study cannot be considered definitive because although 

the chemical model simulates the development of caries under controlled 

conditions, it still has limitations. All in vitro protocols are not able to reproduce the 

complex intraoral conditions or to mimic solid surface area/solution ratios; the 

substrate utilized is bovine enamel; the time periods of de- and remineralization 

are much faster; they are not able to adequately simulate clearance of products 

and the saliva/plaque fluid composition [Buzalaf et al., 2010]. But, the in vitro 

studies can estimate the role of new anticaries compounds and to screening tests. 

It is possible to inhibit enamel demineralization with low-F gels 

supplementing these gels with 9% HMP, in vitro.  
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TABLES LEGEND 

 

Table 1: Mean (SD) values of hardness (n =10) analysis according to the groups 

 

Table 2: Concentrations of calcium fluoride (CaF2-like) and fluoride (FA-Like) present in 

enamel (formed and retained) after in vitro experiment according with the groups 
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Table 1: Mean (SD) values of hardness (n = 10) analysis according to the groups 

 

Distinct superscript lowercase letters indicate statistical significance in each columns 

(%SH, ΔKHN and ΔIH; Student-Newman-Keuls test, p < 0.05). Distinct superscript capital 

letters indicate the differences between zones A and B in each line (Student-Newman-

Keuls test, p < 0.05). 

a: %SH: percentage surface hardness after pH cycling - KHN 

b: ΔKHN: integrated loss of subsurface hardness- KHN x μm 

c: ΔIH: positive values denote higher integrated hardness and vice versa Depth- KHN x 

μm 
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Table 2: Concentrations of calcium fluoride (CaF2-like) and fluoride (FA-Like) 

present in enamel (formed and retained) after in vitro experiment according with 

the groups 

 

Lowercase letters indicate differences between groups in each analysis 

(CaF2-like and FA-like) and capital letters indicate the differences between CaF2-

like formed and retained and FA-like formed and retained (Student-Newman-Keuls 

test, p < 0.05). 

 

 

 

 

 

 

 

 
Groups 

CaF2-like (μg F/cm2) FA-like (μg F/mm3) 

Formed Retained Formed Retained 

Placebo 
A0.11a 
(0.05) 

B0.16a 
(0.05) 

A0.07a 
(0.01) 

B0.56a 
(0.07) 

9%HMP 
A0.11a 
(0.12) 

B0.19a 
(0.05) 

A0.06a 
(0.01) 

B0.56a 
(0.10) 

4500 
A0.63b 
(0.20) 

B0.21a,c 
(0.05) 

A0.09b 
(0.02) 

B0.61a 
(0.11) 

4500 9%HMP 
A1.10d 
(0.51) 

B0.34b 
(0.11) 

A0.09b 
(0.05) 

B0.63a 
(0.10) 

9000 
A2.33c 
(1.02) 

B0.22a,c 
(0.05) 

A0.10b 
(0.03) 

B0.60a 
(0.09) 

Acid gel 
A4.01e 
(2.00) 

B0.31c,b 
(0.07) 

A0.10b 
(0.03) 

B0.59a 
(0.15) 
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FIGURE LEGEND 

 

 

Figure 1: A - Differential hardness profiles (hardness vs depth)  calculated 

by    subtracting no fluoride gels profiles from placebo. B - Differential hardness 

profiles calculated by subtracting fluoride gels profiles from 4500 group (Table 1) 

(Anova test, p > 0.05). 

. 

 

 

 

 

 

 

 

 



51 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Anexos 

 



52 
 

 
 

 
 

ANEXO A 

Instructions for Authors 

Types of papers                                                                

Papers may be submitted for the following sections:  

o Original articles 

o Invited reviews 

o Short communications 

o Letters to the editor 

It is the general policy of this journal not to accept case reports and pilot studies. 

Editorial Procedure 

If you have any questions please contact:  

Prof. Dr. G. Schmalz  

University of Regensburg  

Department of Conservative Dentistry and Periodontology  

Franz-Josef-Strauß-Allee 11  

93053 Regensburg  
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Germany  

e-mail: gottfried.schmalz@klinik.uni-regensburg.de  

Tel.: +49 941 9446024,  

Fax: +49 941 9446025 

Manuscript Submission 

Manuscript Submission 

Submission of a manuscript implies: that the work described has not been 

published before; that it is not under consideration for publication anywhere else; 

that its publication has been approved by all co-authors, if any, as well as by the 

responsible authorities – tacitly or explicitly – at the institute where the work has 

been carried out. The publisher will not be held legally responsible should there be 

any claims for compensation. 

Permissions 

Authors wishing to include figures, tables, or text passages that have 

already been published elsewhere are required to obtain permission from the 

copyright owner(s) for both the print and online format and to include evidence that 

such permission has been granted when submitting their papers. Any material 

received without such evidence will be assumed to originate from the authors. 

Online Submission 

Authors should submit their manuscripts online. Electronic submission 

substantially reduces the editorial processing and reviewing times and shortens 

overall publication times. Please follow the hyperlink “Submit online” on the right 

and upload all of your manuscript files following the instructions given on the 

screen. 
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Further Useful Information 

please follow the link below 

o Further Useful Information 

The Springer Author Academy is a set of comprehensive online training pages 

mainly geared towards first-time authors. At this point, more than 50 pages offer 

advice to authors on how to write and publish a journal article. 

o Springer Author Academy 

Title Page 

The title page should include:  

o The name(s) of the author(s)  

o A concise and informative title  

o The affiliation(s) and address(es) of the author(s) 

o The e-mail address, telephone and fax numbers of the corresponding 

author 

Abstract 

Please provide a structured abstract of 150 to 250 words which should be 

divided into the following sections:  

o Objectives (stating the main purposes and research question) 

o Materials and Methods 

o Results 

o Conclusions 

o Clinical Relevance 

These headings must appear in the abstract.  

http://www.springer.com/authors
http://www.springer.com/authors/author+academy
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Keywords 

Please provide 4 to 6 keywords which can be used for indexing purposes. 

Text 

Text Formatting 

Manuscripts should be submitted in Word.  

o Use a normal, plain font (e.g., 10-point Times Roman) for text. 

o Use italics for emphasis. 

o Use the automatic page numbering function to number the pages. 

o Do not use field functions. 

o Use tab stops or other commands for indents, not the space bar. 

o Use the table function, not spreadsheets, to make tables. 

o Use the equation editor or MathType for equations. 

o Save your file in docx format (Word 2007 or higher) or doc format 

(older Word versions). 

Manuscripts with mathematical content can also be submitted in LaTeX. 

o LaTeX macro package (zip, 182 kB) 

Headings 

Please use no more than three levels of displayed headings.  

Abbreviations 

Abbreviations should be defined at first mention and used consistently 

thereafter.  

http://static.springer.com/sgw/documents/468198/application/zip/LaTeX.zip
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TABLES 

o All tables are to be numbered using Arabic numerals.  

o Tables should always be cited in text in consecutive numerical order.  

o For each table, please supply a table caption (title) explaining the 

components of the table.  

o Identify any previously published material by giving the original 

source in the form of a reference at the end of the table caption.  

o Footnotes to tables should be indicated by superscript lower-case 

letters (or asterisks for significance values and other statistical data) 

and included beneath the table body. 

ARTWORK AND ILLUSTRATIONS GUIDELINES 
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all of your artwork –  

photographs, line drawings, etc. – in an electronic format. Your art will then 

be produced to the  
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will directly reflect the  
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Electronic Figure Submission 

o Supply all figures electronically. 
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o Vector graphics containing fonts must have the fonts embedded in 
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o Name your figure files with "Fig" and the figure number, e.g., 

Fig1.eps. 

Line Art 

 

o Definition: Black and white graphic with no shading. 

o Do not use faint lines and/or lettering and check that all lines and 

lettering within the figures are legible at final size. 

o All lines should be at least 0.1 mm (0.3 pt) wide. 

o Scanned line drawings and line drawings in bitmap format should 

have a minimum resolution of 1200 dpi. 

o Vector graphics containing fonts must have the fonts embedded in 

the files. 
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Halftone Art 

 

o Definition: Photographs, drawings, or paintings with fine shading, etc. 

o If any magnification is used in the photographs, indicate this by using 

scale bars within the figures themselves. 

o Halftones should have a minimum resolution of 300 dpi. 

Combination Art 
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o Definition: a combination of halftone and line art, e.g., halftones 

containing line drawing, extensive lettering, color diagrams, etc. 

o Combination artwork should have a minimum resolution of 600 dpi. 

Color Art 

o Color art is free of charge for online publication. 

o If black and white will be shown in the print version, make sure that the 

main information will still be visible. Many colors are not distinguishable 

from one another when converted to black and white. A simple way to 

check this is to make a xerographic copy to see if the necessary 

distinctions between the different colors are still apparent. 

o If the figures will be printed in black and white, do not refer to color in the 

captions. 

o Color illustrations should be submitted as RGB (8 bits per channel). 

Figure Lettering 

o To add lettering, it is best to use Helvetica or Arial (sans serif fonts). 

o Keep lettering consistently sized throughout your final-sized artwork, 

usually about 2–3 mm (8–12 pt). 

o Variance of type size within an illustration should be minimal, e.g., do 

not use 8-pt type on an axis and 20-pt type for the axis label. 

o Avoid effects such as shading, outline letters, etc. 

o Do not include titles or captions within your illustrations. 

Figure Numbering 

o All figures are to be numbered using Arabic numerals. 

o Figures should always be cited in text in consecutive numerical order. 

o Figure parts should be denoted by lowercase letters (a, b, c, etc.). 

o If an appendix appears in your article and it contains one or more figures, 

continue the consecutive numbering of the main text. Do not number the 

appendix figures,  
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"A1, A2, A3, etc." Figures in online appendices (Electronic 

Supplementary Material) should, however, be numbered separately. 

Figure Captions 

o Each figure should have a concise caption describing accurately what 

the figure depicts. Include the captions in the text file of the 

manuscript, not in the figure file. 

o Figure captions begin with the term Fig. in bold type, followed by the 

figure number, also in bold type. 

o No punctuation is to be included after the number, nor is any 

punctuation to be placed at the end of the caption. 

o Identify all elements found in the figure in the figure caption; and use 

boxes, circles, etc., as coordinate points in graphs. 

o Identify previously published material by giving the original source in 

the form of a reference citation at the end of the figure caption. 

Figure Placement and Size 

o When preparing your figures, size figures to fit in the column width. 

o For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 

mm wide and not higher than 234 mm. 

o For books and book-sized journals, the figures should be 80 mm or 122 

mm wide and not higher than 198 mm. 

Permissions 

If you include figures that have already been published elsewhere, you must 

obtain permission from the copyright owner(s) for both the print and online format. 

Please be aware that some publishers do not grant electronic rights for free and 

that Springer will not be able to refund any costs that may have occurred to receive 

these permissions. In such cases, material from other sources should be used. 
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o In order to give people of all abilities and disabilities access to the 

content of your figures, please make sure that 

o All figures have descriptive captions (blind users could then use a text-to-

speech software or a text-to-Braille hardware) 

o Patterns are used instead of or in addition to colors for conveying 

information (colorblind users would then be able to distinguish the visual 

elements) 

o Any figure lettering has a contrast ratio of at least 4.5:1 

ELECTRONIC SUPPLEMENTARY MATERIAL 

Springer accepts electronic multimedia files (animations, movies, audio, 

etc.) and other supplementary files to be published online along with an article or a 

book chapter. This feature can add dimension to the author's article, as certain 

information cannot be printed or is more convenient in electronic form. 

Submission 

o Supply all supplementary material in standard file formats. 

o Please include in each file the following information: article title, journal 

name, author names; affiliation and e-mail address of the corresponding 

author. 

o To accommodate user downloads, please keep in mind that larger-sized 

files may require very long download times and that some users may 

experience other problems during downloading. 

Audio, Video, and Animations 

o Always use MPEG-1 (.mpg) format. 

Text and Presentations 

o Submit your material in PDF format; .doc or .ppt files are not suitable for 

long-term viability. 

o A collection of figures may also be combined in a PDF file. 
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Spreadsheets 

o Spreadsheets should be converted to PDF if no interaction with the data 

is intended. 

o If the readers should be encouraged to make their own calculations, 

spreadsheets should be submitted as .xls files (MS Excel). 

Specialized Formats 

o Specialized format such as .pdb (chemical), .wrl (VRML), .nb 

(Mathematica notebook), and .tex can also be supplied. 

Collecting Multiple Files 

o It is possible to collect multiple files in a .zip or .gz file. 

Numbering 

o If supplying any supplementary material, the text must make specific 

mention of the material as a citation, similar to that of figures and tables. 

o Refer to the supplementary files as “Online Resource”, e.g., "... as shown 

in the animation (Online Resource 3)", “... additional data are given in 

Online Resource 4”. 

o Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”. 

Captions 

o For each supplementary material, please supply a concise caption 

describing the content of the file.  

Processing of supplementary files 

o Electronic supplementary material will be published as received from the 

author without any conversion, editing, or reformatting.  

Accessibility 

In order to give people of all abilities and disabilities access to the content of 

your supplementary files, please make sure that  
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o The manuscript contains a descriptive caption for each supplementary 

material 

o Video files do not contain anything that flashes more than three times per 

second (so that users prone to seizures caused by such effects are not 

put at risk) 

Integrity of research and reporting 

Ethical standards 

Manuscripts submitted for publication must contain a statement to the effect 

that all human and animal studies have been approved by the appropriate ethics 

committee and have therefore been performed in accordance with the ethical 

standards laid down in the 1964 Declaration of Helsinki and its later amendments.  

It should also be stated clearly in the text that all persons gave their 

informed consent prior to their inclusion in the study. Details that might disclose the 

identity of the subjects under study should be omitted.  

These statements should be added in a separate section before the 

reference list. If these statements are not applicable, authors should state: The 

manuscript does not contain clinical studies or patient data.  

The editors reserve the right to reject manuscripts that do not comply with 

the above-mentioned requirements. The author will be held responsible for false 

statements or failure to fulfill the above-mentioned requirements  

Conflict of interest 

Authors must indicate whether or not they have a financial relationship with 

the organization that sponsored the research. They should also state that they 

have full control of all primary data and that they agree to allow the journal to 

review their data if requested.  
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Disclosure Form”. To download this form, please follow the hyperlink on the right. 
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ANEXO B 

CONFECÇÃO DOS BLOCOS DE ESMALTE BOVINO (4X4mm) 

 

 

1. Coroa do dente bovino incisivo central inferior, 
separada da raiz por meio de disco diamantado de 
duas faces (KG Sorensen D 91), montado em motor de 
bancada (Nevoni), mantido sob refrigeração (água 
destilada/deionizada). 

 

 

 

 

2. Secção da coroa utilizando disco diamantado (série 15 
HC Diamond - n. 11-4244 Buehler) separando a 
superfície vestibular da lingual. 

 

 

 
 

 
  

3. Face vestibular fixada na placa de acrílico. 
 
 
 

 

 

 

4. Secção da face vestibular no sentido longitudinal, na 
porção mais plana, utilizando-se 2 discos diamantados 
(série 15 HC Diamond –n. 11-4243 Buehler), montados 
em cortadeira sob refrigeração com água 
destilada/deionizada e separados por um disco 
espaçador de alumínio com 4 mm de espessura. Em 
seguida, foi realizado o corte no sentido transversal. 

 

 

 
 

5. Fragmento vestibular do dente bovino, fixado sobre 
placa de resina. Ao lado, bloco de esmalte dentário.  
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ANEXO C 

LANIFICAÇÃO DA DENTINA E POLIMENTO DO ESMALTE 

      

                

 

1. Bloco de esmalte fixado em disco de 
resina acrílica pré-fabricada ( 3 cm 
de diâmetro por  11 mm de 
espessura), com auxílio de cera 
pegajosa (Kota Ind. e Com. LTDA), 
com a superfície dentinária voltada 
para cima.  

 

2. Ajuste da dentina para obtenção 
de superfícies paralelas entre 
esmalte e dentina, utilizando 
Politriz Beta – Grinder – Polisher e 
Vector Power Head  (Buehler, Lake 
Bluff, IL, EUA) e lixas de 
granulação 320 (Carbimet Paper 
Discs, 30-5108-320, Buehler), 
durante 30 s sob baixa rotação e 
refrigeração. 

                 

 

               

           

 

3. Blocos fixados com a superfície do 
esmalte voltada para cima para 
serem polidos. 

 

 

Sequência do polimento de esmalte: 

 Pedra-pomes, água deionizada e taça de borracha montada em contra-ângulo em baixa-rotação. 

 Lixas de granulação 600 (20 s) e 1200 (30 s) e refrigeração a água. Limpeza em lavadora ultrassônica e água 

destilada/ deionizada por 2 min, entre cada lixa; 

 Acabamento final com disco de papel feltro TEXMET 1000 (Buehler Polishing Cloth) durante 1 min com 

suspensão de diamante 1 micron base-água (Buehler); 

 Lavagem durante 30 s com jato de água deionizada; 

 Limpeza em lavadora ultrassônica Modelo 2110 (Branson, Danbury CT, EUA) com água destilada/ deionizada 

(2min). 
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ANEXO D 

ANÁLISE DA DUREZA DE SUPERFÍCIE DO ESMALTE 

 

       

 

 

1. Microdurômetro Shimadzu Micro 
Hardness Tester HMV-2000 (Shimadzu 
Corporation - Kyoto-Japan), com 
penetrador tipo Knoop, acoplado ao 
Software para análise de imagem 
CAMS-WIN (NewAge Industries, EUA). 

 

 
 

2. Bloco de esmalte sendo submetido 
à leitura no microdurômetro, carga 
estática de 25 g e tempo de 10 s. 

 

               
                      

 

 
 

 

3. Fotomicrografia das impressões (SHi). 
(Aumento: 100x) 

 

 

 
 

  

4. Fotomicrografia das impressões (SHi, 
SHf). (Aumento: 100x) 

 

 

1
00µm 

100µm 
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ANEXO E 

CICLAGEM DE pH (Des>Re) 
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ANEXO F 

ESQUEMA REPRESENTATIVO DA CICLAGEM DE pH (DES>RE)~ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solução Desmineralizadora 

 
Solução Remineralizadora 

35,5 mL/bloco 

37º C 

17,75 mL/bloco 

37º C 

 5 ciclos18 horas 6 horas 

Vieira et al., 2005. 

+ 48 horas 

RE-NOVA 

Ca e P 2,0 mmol L
-1

  

Tampão acetato 0,075 mol L
-1

 

 0,04 g F/mL em pH 4,7 – 2,2 mL/mm
2

 

Ca 1,5 mmol L
-1

, P 0,9 mmol L
-1

, 

 KCl 0,15 mol L
-1

 em tampão cacodilato de sódio 0,02 mol L
-1

 

 0,05 g F/mL em pH 7,0 – 1,1 mL/ mm
2

 

N= 60 
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ANEXO G 

ANÁLISE DA DUREZA EM SECÇÃO LONGITUDINAL 

 

                      

 
1. Embutidora metalográfica (AROTEC PRE 30S) – 

utilizada para inclusão dos blocos de esmalte em 
5 g de resina acrílica (Buehler Transoptic Powder, 
Lake Bluff, Illinois, EUA), pressão de 150 Kgf/cm2, 
tempo de aquecimento de 7 min e mais 7 min de 
resfriamento. Os blocos foram fixados em posição 
com cola adesiva (Super Bonder – Loctite). 

 

        

2. Corpo de prova – plano longitudinal voltado para a 
superfície da resina acrílica. 

 

3. Microdurômetro Micromet 5114 Hardness Tester 
(Buehler, Lake Bluff, EUA e Mitutoyo Corporation, 
Kanagawa, Japão), com penetrador tipo Knoop, 
acoplado ao Software para análise de imagem 
Buehler OminMet (Buehler, Lake Bluff,EUA ). 

           
4. Fotomicrografia das impressões. (Aumento: 

1000x) 
 
 
 
 

Seqüência do polimento de esmalte: 

 Lixas de granulação 320 (1 min), 600, 800 e 1200 (2min) e refrigeração a água. Limpeza em lavadora 

ultrassônica e água destilada/ deionizada por 2 min, entre cada lixa; 

 Acabamento final com disco de papel feltro Microcloth Supreme PSA (Buehler) durante 2 min com suspensão de 

diamante 1/4 micron base-água (Buehler); 

 Lavagem durante 30 s com jato de água deionizada; 

 Limpeza em lavadora ultrassônica utilizando água destilada/deionizada (2 min). 

 

Lesão de sub-superfície 
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ANEXO H 

ANÁLISE DO CONTEÚDO DE F NO ESMALTE 

 

 

 

1. Bloco fixado em mandril para peça reta e 
montado em um microscópio modificado 
com um micrometro (Pantec, São Paulo, 
Brasil). 

 

2. Bloco de esmalte adaptado ao 
mandril, sendo submetido à 
microabrasão, com desgaste de 
100 µm, para análise do F. 

 

 

 
 

          

                
 

 

3. Após desgaste, pó de esmalte presente na 
lixa adaptada em frascos de poliestireno 
cristal (J - 10, Injeplast, Brasil). 

 

 

         
 

4. Para análise do conteúdo de F no esmalte 
utilizou-se: 

A- Eletrodo específico Orion 9409-BN (Orion 
Research, Inc., Beverly, MA, EUA). 

B- Microeletrodo de referência (Analyser 
Comércio e Indústria LTDA, São Paulo, SP). 

C- Analisador de íons Orion 720A (Orion 
Research, Inc.). 

 

A 

C 

B 
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ANEXO I 

DOSAGEM DE FLUOR NOS GEIS 
Valores de fluoreto (FI) iônico nos géis experimentais e comercial. 

(Média (dp), n=3) 
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